Thoracic Aortic Anastomoses  by Coselli, Joseph S. et al.
Thoracic Aortic Amastomoses 
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p atient survival after thoracic aortic surgery is 
directly dependent on a technically flawless anasto- 
mosis. Tim creation of a successfid anastomosis relies on tile 
inte~'ity and stren~h of the aortic wall, ~aft  material, 
suture, and suturing tcclmkpms. Altlmugh these principles 
apply to cardiovascular surgery in general, tllere are 
many sul)tletics unique to thoracic aortic surgery. 
The  Aor ta  
The strength normally provided by tlle aortic tissue is 
deranged in the diseased aorta. Factors responsible for 
weakening the aortic wall inchlde medial degeneration, 
intinml calcification, chronic inflammation, chronic 
thrombus, and acute or chronic dissection. Padded 
clamps are used to avoid injuries of the fragile aortic 
wall during cross clamping. 
In preparation for anastomosis, chronic throml)us 
sllould be removed from the lumen and any chronic 
dissecting membrane should be resected, creating a 
single lumen from the combined true and false lumens. 
Intimal calcification at the site of anastomosis shouhl ie 
appropriately debrided to create a supple, pliable aortic 
wall stfitable for llemostatic anastomosis. In the presence of 
severe calcification, when removal of the calcium is not 
technically feasible, it may be necessary to use a towel 
clamp to create a perforation for suture placement. 
Failure to properly clean the aorta before performing 
an anastomosis may resuh in acute bleeding and/or late 
anastomotic false aneurysm, hleally, a small rim of 
clean aorta should be left around and between branch 
vessels. Reattachment of the individual l)ranch arteries 
may be a safer alternative, specially in relatively oung 
patients and those with Marfan syndrome. 
For a secure aortic anastomosis, fidl-tlfickness suturing is 
re(ptired. Consccpmntly, we have found complete transec- 
tion of the aorta partictdarly usefid in tim proxhnal descend- 
ing thoracic aorta, both for descending tlloracic aortic 
replaeenmnt and tlmracoal)dominal ortic replacelnent 
(Crawford extents I and II) (Fig 1). Transection of the aorta 
allows complete separation from tlm esopllagus and elinfi- 
nares the need to place sutures blindly tllrongli the posterior 
aortic wall. Additionally, (luting thoracoabdomhml aortic 
replacement, the left renal artery is often completely nmbi- 
lized on a button of aortic tissue. In most other instances-- 
includhlg the braclfiocephalic vessels, hltercostal arteries, 
visceral and renal vessels, and distal anastomoses--we 
fre(pmntly do not divide tim aorta, allowing for an endoan- 
enrysmal anastonmsis. 
The  Graft  
Tile graft material of clloicc for aortic surgery is dacron 
impregnated with either collagen or gelatin. We rou- 
tinely select a graft with the smallest appropriate 
diameter to achieve laminar flow and reduce the 
development of excessive intraluminal thrombus. Addi- 
tionally, by reducing wall tension (law of Laplace) at the 
distal anastomosis and beyond, this practice provides 
the theoretical benefit of reducing tim risk of develop- 
ing a perianastomotic aneurysm. We typically use a 
24- to 26-ram graft for the ascending aorta and trans- 
verse aortic arch and a 20- to 24-nun ~'aft ill the descending 
tlloracic and thoracoabdonfinal aortic segments. In tlm 
presence of infection and eontanfination we exclusively nse 
cryopreserved llonmgraft nmterial in the proximal aorta 
and use eitller llolnograft nmtcrial or a gelatin- 
impregnated acron graft soaked in rifampin in the 
descending thoracic and thoracoabdominal aorta. 
Suture 
The preferred suture for aortic anastomoses is double- 
armed monofilanmnt polypropylene. We typically use 
3-0 suture and an SH needle; however, in the presence 
of acute dissection and Marfan syndrome, we prefer 
filter suture nmterial, either 4-0 or 5-0 polypropylene 
on an RB needle. The smaller-sized suture and needles 
ilnprove llemostasis by preventing large needle boles in 
tlm setting of a thin and friable aortic wall. 
Anastomot ie  Teeh~fique 
Adequate visualization and suture placement are criti- 
cal to ensuring a successful aortic anastomosis. When- 
ever possible, we follow the basic principle of perform- 
ing the nmst dependent portion of the anastomosis first. 
Tile first stitch is placed, and the suture is tied. In large 
vessels like tlle aorta, tlle tied knot may be left within 
tim hunen ~dthout concern. Because it is difficuh to 
rotate the aorta (luring the anastomosis, we perform the 
posterior llalf of the suture line translnminally. The 
sntnre shouhl pass through all layers with particular 
care being taken to include the intima. It is ilnportant o 
suture through the graft and the aorta nsing two 
separate bitcs to avoid tearing the aorta; this is espe- 
cially intportant when working on the posterior side of 
the anastomosis. Wc take small bites in the graft 
(al)proximately 2 mlu front the edge) and larger bites on 
the aorta (4 to 8 mm from the edge). We try to 
incorl)orate as nmcll aortic tissue as possible into tile 
anastomosis with bites being taken 2 to 3 nun apart. In 
tim delicate aorta (ie, l)aticnts with acute 1)roximal 
dissection or Marfan syndrome) bites that are smaller 
and closer together are preferred. Conversely, in i m- 
ticnts with a significant inflanmmtory component o 
tlleir disease, such as cases of acute distal aortic 
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dissection, we use larger bites of aorta to maximize the 
strength of the anastomosis. We have found that telescop- 
ing the graft material into the aortic wall as part of the 
construction of the anastomosis has been beneficial for 
hemostasis. Throughout an anastomosis, the assistant 
should hold tlle suture in the direction away from the 
graft and toward the aortic cuff to reduce tension on the 
aortic tissue; this minimizes tlle risk of tearing the aorta 
and enlarging the needle holes. 
After the formal structural anastomosis is completed, 
pledgeted nmttress sutures are placed strategically 
around the anastomosis to reduce the risk of bleeding 
after declamping. This is especially important for distal 
anastomoses of the ascending aorta and transverse 
aortic arch. We ,also routinely use pledgeted sutures in the 
proxflnal anastomoses during descendhlg thoracic or thora- 
coabdonfinal ortic repairs. The prophylactic placement of 
pledgeted sutures ,along the aimstomosis distributes tile 
stress and reduces the risk of tearing once the anastomosis 
is placed under systemic arterial pressure. Additionally, 
suture lhles in adjacent but nonoverlapphlg positions and 
those that will be diffictdt o access later are reinforced with 
either a second overlapping runnh~g suture or individual 
pledgetcd mattress sutures. 
On completion, all anastomoses are carefillly evalu- 
ated for bleeding sites. An anastomosis can be tested by 
gentle mechanical compression along the entire suture 
line. Bleeding points are generally repaired with inter- 
rupted sutures and/or small pledgeted mattress utures, 
frequently with a suture material one size smaller than 
that previously used to construct the folanal anastomosis. 
A, mastomot ic  Adj tmcts  
Several adjuncts are available to improve the strength 
of thoracic aortic anastomoses and to prevent bleeding 
complications. Pledgcts made of felt are used liberally 
1 The Crawford classificationofthoraco- 
abdominal ortic aneurysms is based on the 
extent or aortic involvement. Both extent I 
and II aneurysms be~n ill the upper de- 
scending thoracic aorta, often adjacent o 
the left sul)clavian artery. Extent I aneu- 
rysms ternfinate at or above the renal arter- 
ies, whereas extent II aneurysms involve the 
infrarenal aorta. Extent IlI aneurysms be- 
gin inthe lower descending thoracic aorta 
(below the sixth rib), and extent IV aneu- 
rysm be~n at the level of the diaphragm. 
to reinforce suture lines. 3Iany surgeons routinely use 
strips of the same material in the setting of aortic 
dissection.l,2 A few authors have used 25% glntaralde- 
hyde solution to tall and toughen fra~le aortic tissue 
anti improve suture line integrity in patients with acute 
aortic dissection. 3,'~ This adjunct, however, is not widely 
used, in part because of concerns regarding toxicity 
resulting in phrcnic nerve injury, diaphra~natic paraly- 
sis, and esophageal dysmotility. "1"6 Synthetic GRFG glue 
(composed of gelatin, resorcinol, formaldehyde anti 
glutarahlehyde) and fibrin sealant have also been used 
as hemostatic adjuncts at thoracic aortic anastomoses in 
both adults anti children, particularly during graft 
repair of acute aortic dissection. 713 More recently, a 
surgical adhesive composed of purified bovine albmnin 
and glutaraldehyde (BioGlue; CryoLifeInc, Kennesaw, 
GA) has been approved in the United States for use 
during acute aortic dissection repair and is currently 
being evaluated via a muhicenter randomized clinical 
trial for use on thoracic aortic (nondisscction) and 
other cardiovascular anastomoses. 14 Because of the 
aldehyde components of the GRFG glue anti BioGlue 
adhesives, direct contact with nerves must be avoided; 
the latter agent has been shown to consistently cause 
phrenic nerve injury anti diaphra~natic paralysis in a 
porcine model, t5 Recent clinical data have also raised 
concerns over the use of glutaraldehyde containing 
agents in pediatric patients. Bingley et a113 reported 
fatal late complications in three neonates in whom 
GRFG glue was used to reinforce anastomoses during 
arterial switch operations; all three died because of compli- 
cations of severe frbrosis and stenosis at the aortic, pldmo- 
nary, and coronary anastomoses where the ghte had 
been applied. Whether BioGlue causes similar prob- 
lems is being investigated with a neonatal piglet model. 
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SURGICAL TECHNIQUE 
Anastomoses for Graft Repair of Proximal Aortic Ancurysms 
2 Tills anastomosis i I)erfornled under profound hypothcrmia nd 
circulatory arrest)  6Tim ascending aorta and transverse aortic arch are 
opened longitudinally, and the edges arc retracted with stay sutures to 
optinlizc exposure. For tile ancurysnls involving only tlle proxinlal 
transverse aortic arch, a "henfiarcll" repair is performed by beveling the 
graft and suturing around tile normal distal arch infcriorly and the origin 
of tlle imlominatc artery superiorly. The first stitch of tlle double-armed 
polyprol)ylenc suture (3-0 SIt or 4-0 RB) is placed in tllc posterior-distal 
corner of the anastomosis. Tile posterior edge of tile graft is sutured first 
by passing the needle through the graft and aorta with separate bites. 
When tile suture reaches t]lC proximal anterior corner, tile suturc is held 
on tension with a rubber-shod mosquito clamp, and the other end of the 
suture is used to complete the anterior edge of tile anastomosis. Tllc ends 
arc tied together at tile proximal anterior corner. Several pledgctcd 
mattress sutures arc usually placed around tile anastomosis to add 
reinforcelncnt. For all brachiocephalic anastonloses lluring arch repair, 
tile iml)ortancc of primary integrity---especially along tile posterior and 
distal aspects--cannot bc overemphasized, because it is very difficult to 
control bleeding at tllis location after completing tllc other anastomoses 
and resuming circulation. 
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3 If tile auenrysm involves the entire trausversc arch but does not 
extend past tile l~roximal descending thoracic aorta, a graft is placed 
between tile normal ascending and descending segments with rcattacbment 
of the brachioccphalic arteries as an island. With a 3-0 SII or 4-0 RB 
l~olypropylene suture, an end-to-end anastomosis is performed between 
the graft and the proximal descending thoracic aorta just beyond the left 
subclavian artery. The entire distal anastomosis is often reinforced with 
pledgeted mattress sutures. 
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4 When the descending thoracic aorta is also substantially enlarged, all elephant runk 
procednre is used to facilitate tile subsequent staged repair of the aorta beyond the left 
subclavian artery. 17 The best exposure is obtained by lowering the head of the operating tahle. 
After opening the entire arch, an invaginated graft (A) is placed into the descending thoracic 
aorta (B), and the graft is attached istal to the left subclavian artery using 3-0 SII or 4-0 RB 
polypropylcne suture (C). As much aortic tissue as possible is incorporated in the anastomosis. 
Any significant gaits between sutures or other obvious weak spots are reinforced with additional 
interrul)ted sutures. 
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5 (A) The graft is then pulled out in preparation for the brachiocephalic anastomosis. A
modification based on this elephant runk tecbnique can be used to perform total arch repair in 
patients without descending thoracic aortic aneurysms (as ill 3). In this setting, if there is enough 
space within tile aorta, the entire noninvaginated graft can be inserted into the descending thoracic 
aorta. After the end of the graft is sutured to tile aorta just beyond the left subclavian artery, the 
graft is pulled back out and used to complete the arch repair. 
(B) After completing tile distal anastomosis--either with or without the elephant trunk 
technique--the graft is placed under tension and an opening is made immediately adjacent o the 
origins of the bracllioccphalic arteries. Because it is unnecessary to divide the aorta completely 
around the brachiocepbalic arteries, we routinely leave the posterior wall intact. The first stitch of a 
3-0 SH or 4-0 RB polypropylene suture is placed at the distal posterior portion of the anastomosis. 
Tile opening here is very close to tile distal anastomosis, and there is usually not enough aortic tissue 
to allow completely separate anastomoses. Therefore, the distal portion of tile bracldoeephalic 
anastomosis often overlaps tile superior aspect of the distal anastomosis. This overlapping layer 
helps prevent an anastomotic leak at this soon-todm inaccessible area. In order to exclude as much 
aorta as possible, the sutures arc placed very close to the edge of each ostium. After completing the 
distal and posterior portions of the anastomosis, the other end of the suture is used to complete tile 
anterior and proximal portions of the anastomosis. Several interrupted pledgcted sutures arc 
usually placed to reinforce tile anastomosis. 
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6 After completing reconstrnction of tile arch--whetl ler total arch or 
beveled l lemiarch--cardiopulnlonary byimss flow is resumed via either tile 
femoral artery (as illustrated by tile arrow) or a cannula placed in tile distal 
portion of tile new graft. Tile graft is flushed of air and debris while tile 
patient is in the steep Trendelenburg position, and tile graft is clamped. Tile 
graft is held under tension and cut to tile appropriate l ngth. Using a 1-0 SH 
polypropylene suture, the l,roximal anastomosis carried out at tile level 
between the distal mat in  of the aortic valve conunissures and the sinotubu- 
lar junction. Performing tile anastomosis as low as possible and incorporat- 
ing the distal portion of tile commissures reduces the risk of recurrence and 
reinforces the valve. Tile first stitch is placed in the graft and the 
supracoronary ascending aorta at tile level of noncoronary cusp. After tying 
tile first stitch, the posterior portion of tile anastomosis is 1)erformed until the 
level of the right coronary ostinm is reached. Tile other end of the 
double-armed suture is then used to complete the lateral and anterior 
portions of tile anastomosis. To avoid tearing the aorta, suturing with 
separate bites of graft and aorta is recommended. We use 1- to 2-ram suture 
bites in the graft and 3- to 5-ram suture bites in the aorta, with 2-ram gaps 
between sutures. Areas prone to leakage are identified and repaired with 
interrupted 5-0 RB polypropylene suturcs. 
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Anastomoses for Graft Repair of Acttte Proximal Aortic Dissection 
A 
13 
7 We routinely use profound hypothermic circulatory arrest and an open distal anastomosis ill all 
patients with acute aortic dissection. 1839 This technique prevents laceration of the friable dissecting 
membrane caused by aortic clamping, allows for complete ascending aortic replacement, and allows 
access to the entire transverse aortic arch for examination and repair as needed. Extensive graft 
replacement of the transverse aortic arch is avoided in this setting in light of the high associated 
mortality. 2~ Total arch repair is considered only if the or ion of the dissection arises from an 
extensive tear in the greater curvature of the transverse aortic arch or if there is a pre-existing 
transverse aortic arch aneurysm. In most cases, the distal anastomosis  carried out iu a beveled 
fashion, preserving the greater curvature of the arch. The aorta is transected at the greater 
curvature immediately proxinml to the ori~u of tile innonfinate artery. We currently use BioGlue 
surrea l  adhesive in all cases of acute proximal aortic dissection. This adhesive is first used to 
obliterate the false lumen and prepare the aorta for the distal anastomosis (A). Before apldying the 
adhesive, the periaortie tissues are protected with saline soaked 4 • d-inch gauze sponges. To help 
contain tile adhesive, pockets within the false lumen are created by gently tacking the dissecting 
membrane to the outer wall using 3 to 5 interrupted 6-0 sutures. A moist gauze sponge is placed in 
the true lumen to prevent he adhesive from running into tile braclfioceplmlic vessels. Because blood 
interferes with adhesion, both clotted and fresh blood are thoroughly removed from the false lumen. 
The surgical adhesive is applied inside the false lumen and allowed to set for 2 to 3 minutes. An 
ahernative technique involves placing a balloon catheter into the true hunen to compress the distal 
false lumen (B); this helps keep the adhesive xdthin the proximal false lumen, thereby optimizing the 
strength of the repair and preventing distal embolization of the adhesive through re-entry sites. 21 
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8 An appropriately sized dacron graft is selected, and a beveled istal anastomosis i  performed using 
continuous 3-0 SII polypropylcne suture. The false hnncn is obliterated within the anastomotic suture 
line. Ahhongh tlle application of a surgical adhesive discourages extension of the dissecting process, this 
approach may not be totally effective in obliterating a patent distal false lumen, which may remain open 
because of multiple re-entry sites within the thoracoabdominal aorta or from small needle tears at the 
level of the suture line. After completing the distal anastomosis, BioGlue is apldied circumferentially 
around the anastomosis and allowed to set for 2 to 3 minutes before restarting cardiopuhnonary b pass. 
After resuming pump flow through the existing arterial cannula or a new cannula placed in the distal 
graft, the aortic valve is assessed and repaired or replaced if needed. 19 The aorta is generally transccted at 
the sinotubular junction, and a saline-soaked 4 X d-inch gauze sponge is placed within the trite lumen to 
prevent BioGlue from injuring the aortic valve leaflets or entering the coronary artery ostia. Additional 
moist gauze sponges are placed around the aortic stump to protect adjacent issues. As before, pockets 
within the false lumen can be created by gently tacking the dissecting membrane to the outer wall with 3 to 
5 interrupted 6-0 sutures. After all clotted and fresh blood is thoroughly removed from the false lumen, 
the adhesive is used to obliterate the false lumen within the proximal aortic stump. Any glue that spills 
over into the true lumen is rapidly removed with the wall suction. After the glue has set for 2 to 3 minutes, 
the proximal anastomosis carried out in the re ,on  between the sinotubular junction and the distal 
margin of the commissures. Alternatively, if an adhesive is not available, the false lumen may be 
obliterated by sandwiching the walls between felt strips, creating a sewing cuff in preparation for the 
proximal anastomosis. In either case, the first stitch of the proximal anastomosis (3-0 SII polypropylene 
suture) is placed at the right-posterior corner and tied. The posterior aspect of the anastomosis is carried 
out first by running one end of the suture toward the left. The other end of the suture is then used to 
complete the right and anterior portions of the anastomosis. BioGlue is applied around the anastomosis. 
Alternatively, additional interrupted sutures are used to reinforce the anastomosis. 
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Anastomoses for Graft Repair of Distal Thoracic Aortic Aneurysms 
A , 
9 When carried out immediately beyond tile left subclavian artery, the proximal anastomosis for 
descending thoracic and thoraeoabdominal aortic aneurysms i one of tile most challen~ng in aortic surgery. 
Because of its deep location, bleeding can be difficult to control. Consequently, every attempt is made to 
secure a hemostatie anastomosis before moving on to the more distal portions of tile repair. In cases in wlfieh 
longer clamp times are anticipated (ie, in patients with Crawford extent I or I I  thoracoabdonfinal aortic 
aneurysms or aortic dissection) we often use left heart bypass to provide distal perfilsion during the proximal 
anastomosis, allowing the additional time required to create a secure suture line. zz A proximal aortic cuff 
that is adequate in length and suitable for suturing is critical. When this cannot be achieved with a clamp 
placed on the proximal descending thoraeie aorta because of an inadequate aneurysm neck distal to the left 
subclavian artery, the clamp is placed across the transverse aortic arch proximal to the left subclavian 
artery, and a bulldog clamp is used to oechnle the left subclavian artery. In either case, after clamp 
placement, he aorta is completely divided. Transection of tile aorta allows fldl thickness uturing through 
the aortic wall without risk of injuring the esopha~ts, pulmonary artery or recurrent laryngeal nerve and 
allows absolute confirmation of all channels in the dissected aorta. In the setting of chronic aortic dissection, 
the outer wall is prepared for the anastomosis by removing as much dissecting membrane as possible. The 
proximal end of the graft is anastomosed to the outer wall of the completely divided aorta with 3-0 SH 
polypropylene suture (A). The first stitch is placed at the posterior-lateral corner of aorta and tied. The 
posterior part of the anastomosis  accomplished by running the suture medially (away from the surgeon), 
passing the needle through the graft and the aorta with separate bites. 
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9 (contiuued) (B) In acute dissection, the false lumen is obliterated in the 
suture line. Adjuncts may be used to ensure tile integrity of tiffs fra~le 
anastomosis. Glue may be applied within the false hnnen to fuse tile layers 
before suturing, followed by reapplication exteriorly around the completed 
suture line. Alternatively, the aortic wall can be sandwiched between strips of 
felt placed both inside the lumen and around the outer surface before suturing. 
After completing the posterior-medial half of the anastomosis, the other end of 
the suture is nsed to perform the anterior portion of the anastomosis. After the 
primary suture line is completed and the suture ends are tied, the graft is 
gently lifted up and the posterior portion of the anastomosis i carefully 
examined. Pledgeted nmttress sutures are applied to areas with widely 
separated sutures, overlapping sutures, or tears in the aorta. This reinforce- 
ment is accomplished by using back-hand-loaded 4-0 or 3-0 SII polypropylene 
sutures passed from aorta to the graft. I f  needed, the anterior aspect of the 
anastomosis  reinforced in a similar fashion. To avoid creating a stenosis in 
narrower grafts (ie, those 20 mm or less in diameter) figure-of-eight sutures are 
preferred to pledgctcd mattress utures. 
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l O During extensive repairs, attention is turned toward rcattachmcnt of
suitable intercostal arteries. In general, we select patent vessels between 
vertebrae T7 and L2 in which back bleeding is less than vigorous. I f  there is 
significant intimal calcification and no patent arteries are identified, all 
endarterectomy nmy be required to uncover tile origin of potentially suitable 
vessels. The aortic graft is placcd under al, propriate tension, and an opening 
is made opposite the selected intercostal arteries. The opening in tile graft is 
sutnrcd circumferentially around tile intercostal artery openings, generally 
in an oval pattern. Using 3-0 polyl, ropylene on an SII needle, tile first stitch is 
placed at tile superior-medial corner and tied. Tile first arm of the suture is 
run inferiorly along tile medial aspect of the anastomosis until tile inferior- 
lateral corner is reached. Tile other end of tile suture is then run along the 
anterior portion of tile anastomosis, progressing cranially to caudally. The 
suture line is reinforced as necessary at this time, especially in tile area 
juxtaposed to tile planned visceral arterial rcattachment suture line. 
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11 For virtually all tboraeoabdominal aortic aneurysms, reattaebment 
of the viseeral and renal vessels is necessary at some level. In general, the 
principle of sequential damping of the aortic graft is used. Consequently, 
before reattaehing the visceral vessels, the cross clamp is moved down the 
graft to restore flow to the reattaehed intercostal arteries. If the space 
between these two reattaehxnent sites is inadequate, the cross clamp may need 
to be left proximally; in tiffs situation, the clamp can be temporarily plaeed 
below the intercostal arteries to restore flow for a few minutes before 
reelamping proximally and lwoeeeding with viseeral vessel reattaehment. 
The next step involves preparation of the aortic wall. In the presence of 
ehronie dissection, for exaxnple, the dissecting membrane between the true 
and false lulnen is eompletely exeised, in effect creating a single lumen. When 
neeessary, depending on the severity of occlusive disease, endartereetomies 
of the ori~ns of the celiac, superior mesenterie, and/or both renal arteries 
are performed. 23If the aneurysm ends at the level of the renal and viseeral 
vessels (extent I), the distal end of the graft may be tailored in a beveled 
fashion and sutured end-to-end using 3-0 polypropylene suture on an SH 
needle. After tying the suture at the superior-medial corner, the anastomosis 
is started by proeeeding inferiorly along the medial margin. Suturing the 
lateral margin, again lwoeeeding from eranial to eaudad, completes the 
anastoluosis. 
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12 Repairs that span tile segment from which tile visceral vessels arise (extents 
I I  and III) require reattacbment tbrongh one or more side openings in tile graft. 
After placing the graft under tension, an opening is made opposite the origins of the 
arteries to be reattachcd. Because the aorta is exposed via rightward medial 
visceral rotation, the opening is positioned to compensate for the anticipated shift 
back to anatonfic position. The opening is also tailored based on the size and 
number of vessels to be reattached. Tile mtmber of openings depends on the 
distance between the orifices of the visceral and renal arteries. I f  the ostia are 
relatively close to each other, a single opening is used. In most cases, 3-0 
l~olyl)ropylene on a StI needle is used; 4-0 polypropylene is preferred in patients 
xdth ~Iarfan syndrome, acute dissection, or chronic dissection with an attenuated 
aortic wall. The first stitch is placed at the superior-medial corner and tied. The 
first end of the suture is run along the medial portion of the anastomoses until the 
inferior-lateral corner is reached. Tile second arm is used to complete the lateral 
suture line, progressing form superior to inferior. Throughout the anastomosis, to
leave as little aortic tissue behind as possible, tile needle is passed through tile 
orion of the visceral or renal vessel at its junction ~ith tile aortic wall. As always, 
the suture bites in the aorta sbouhl be fidl thickness. With the exception of the left 
renal artery, complete transection of tile aorta--creating a true Carrel patch-- is  
rarely used during visceral artery rcattachmcnt. We have found that an endoaneu- 
rys,nal apl,roach creates a secure hcmostatic anastomosis. 
TIIOIL~,CIC AORTIC ANASTOMOSES 273 
J 
13 Because it is important o leave as little native aorta belfind as 
possible, especially in patients at high risk for recurrence, muhiple 
openings are commonly used. On occasion, particularly in patients with 
Marfan syndrome, four separate openings may be required. Tile order of 
reattachment in this case is usually celiac axis, superior mesenteric artery, 
right renal artery, and left renal artery. This provides adequate visualiza- 
tion of each and uses the principle of performing the most dependent 
reconstruction first. A common scenario in patients with chronic aortic 
dissection is for the left renal artery to arise off the false hunen at a 
significant distance from the other three vessels. In this circmnstance, the 
celiac, superior mesenteric, and right renal arteries are reattached to one 
oval Opening, and left renal artery is subsequently reattachcd to a selmrate 
small opening. The preferred method of rcattaclfing the left renal artery 
involves lnobilizing the artery on a button of aortic tissue. If  tiffs cannot be 
accomplished without creating tension on the anastomosis or if there is 
severe occlusive disease xtending into the artery (ie, beyond the capacity of 
an endarterectomy), the vessel shouhl be transectcd and reattachcd with an 
interposition graft. 
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14 The final variation of visceral reattachment-- in extent IV 
thoraeoabdontinal aortic aneurysms--incorporates these vessels ill the 
proxinml anastomosis. Because tile aneurysm tapers to an acceptable 
diameter at the level of the celiac axis, tile In'oximal anastomosis can be 
carried out in a beveled fashion at tile level of tile visceral attd rcnal 
vessels. This can often be accomplished without significant division of 
the diaphragm. Additionally, it can be carried out in such a way as to 
maximally preserve intercostal and upper lumbar arteries. The depen- 
dent (medial) portion of the anastomosis i carried out first, again 
proceeding from proximal to distal. Whenever possible, the needle is 
passed through the very edge of the origin of the renal and visceral 
vessels to exclude as much aorta as possible. 
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1 ~ Nonbeveled istal end-to-cud anastomoses between tile graft and aorta comldete tile repairs 
of most descending thoracic and thoracoabdonlinal aortic aneurysms (extents II,  I I I ,  and IV). I f  
intercostal and/or visceral arteries have been reattached proximally, tile cross clam I, is moved down 
to the graft below the reattached vessels whenever possible, restoring their perfllsion. Preparation 
of tile aorta before suturing is critical. We routinely use an open-distal technique without placing a 
distal cross clamp.21 At least the anterior half of tile distal aorta is divided. In the presence of severe 
atherosclerotie occlusive disease, calcified plaque is debrided from the aortic cuff to allow a 
hemostatie anastomosis. Althougll it is not usually necessary to coml,letely divide the aorta when 
repairing aneurysms unrelated to dissection, complete transection may be required in eases of aortic 
dissection when there is uncertainty as to the location of all lumens. In patients with chronic aortic 
dissection, vital structures may depend on blood flow through the false hnnen; therefore, the 
dissecting meml~rane between the true and the false channels is fenestrated before the distal 
anastomosis i  performed (A). Couversely, in patients ~r acute dissection, the distal false hunen is 
obliterated ~ithin the suture lille (B), redirecting all blood flow into the trite hnnen. In either case, 
after preparing the aorta, the graft is placed on tension and cut to the desired length. The first stitch 
(4-0 RB or 3-0 SII polypropylene) is placed through the graft and tile aorta at the posterior-lnedial 
aspect of tile anastomosis and tied. After performing the posterior segment of the anastomosis, the 
other side of the suture is used to complete the anterior suture line. Throughout his anastomosis, 
the suturing proceeds toward the surgeou. Whenever possible, the needle is passed from within the 
aortic lumen to the exterior of the aortic wall. 
In most patients with thoracoabdominal aortic aneurysms, this anastomosis performed just 
above the aortic bifurcation. I f  a previously placed iufrareual abdominal aortic graft exists, 
however, the distal anastomosis is performed between the new graft and the ohl infrarenal graft with 
running 3-0 polypropylene suture on an SII needle. In this setting, extra care is necessary to identify 
and protect tile left ureter, because separating it from the scar tissue may be tedious. If  tile iliac 
arteries are aneurysmal, au appropriately sized bifilrcation graft can be sutured end-to-end to tile 
aortic graft. Although the entire left iliae artery is accessible, the right iliae artery is more difficult to 
apl}roaeh. If  a normal segment of the right iliae artery cannot he adequately exposed in the right 
retroperitoneum, it may be necessary to tunnel the right limb of the bifiwcation graft to the right 
common femoral artery. 'to avoid ischemic omldieations, pcrfllsion of at least one of the iuterlml 
iliae arteries honhl be preserved. 
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Postoperat ive  Considerat ions 
Brief episodes of postoperative h~'pertension can dis- 
rupt fra~le suture lines anti cause severe hemorrlmge 
or pseudoaneurysms. Therefore, during the initial 24 to 
48 hours, blood pressure is managed meticulously to 
protect he integrity of the anastomoses. As a general 
rule, we liberally use nitroprusside anti beta-receptor 
antagonists to maintain the mean arterial blood pres- 
sure between 80 anti 90 nun Hg. In patients with 
extremely friable aortie tissue, such as those with 
Marfan syndrome or acute aortic dissection, we use a 
lower target: 70 to 80 mm Hg. 
A second threat to anastomotie integrity is graft 
infection. In an aggressive attempt to prevent tiffs 
complication, intravenous antibiotics are continued 
throughout the postoperative course until all drains, 
chest tubes, and central venous lines are removed. 
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